Abstract To investigate the association of ethnicity, sex, and parental pain modeling on the evaluation of experienced and imagined painful events, 173 healthy volunteers (96 women) completed the Prior Pain Experience Questionnaire, a 79-question assessment of the intensity of painful events, and a questionnaire regarding exposure to parental pain models. Consistent with existing literature, greater ratings of experienced pain were noted among Black versus White participants. Parental pain modeling was associated with higher imagined pain ratings, but only when the parent matched the participant's sex. This effect was greater among White and Asian participants than Black or Hispanic participants, implying ethno-cultural effects may moderate the influence of pain modeling on the evaluation of imagined pain events. The clinical implications of these findings, as well as the predictive ability of imagined pain ratings for determining future experiences of pain, should be investigated in future studies.
Introduction
A substantial body of research supports that notion that exposure to the pain-related behaviors of parents with chronic pain (i.e., parental pain models) may influence an individual's pain perception. The bulk of the literature examining the influence of parental pain models consists of studies conducted with children. The results of these studies support the assertion that the presence of a parental pain model can alter an child's pain behavior through social learning and is associated with greater frequency of pain complaints, increased anxiety and depression, and impaired social development (Dura & Beck, 1988; Peterson & Palermo, 2004) . A smaller body of research in adult samples has demonstrated a positive correlation between exposure to a pain model and frequency of pain complaints among otherwise healthy college age participants (Edwards et al., 1985a; Koutantji et al., 1998) . Additionally, studies have also shown the individuals exposed to a parental pain model as children are more likely to suffer from chronic pain in adulthood (Violon & Giurgea, 1984) , especially when parenting strategies involve catastrophizing about pain complaints (Evans et al., 2006) . Ethnicity has been shown to influence pain perception. Numerous studies suggest that Black individuals rate experimental painful stimuli as more intense, unpleasant, disabling, and anxiety provoking compared to Whites (Campbell et al., 2005; Edwards et al., 2001; Koutantji et al., 1998; Sheffield et al., 2000; Woodrow et al., 1972) , an effect that may be related to ethnic differences in vigilance to bodily sensations and the use of passive pain coping strategies (i.e., prayer and hoping; Campbell et al., 2005) . These results from experimental studies are con-sistent with investigations of patients with chronic pain showing Black participants report their pain as more unpleasant and disabling than Whites, and that Blacks rely more heavily on passive coping skills Riley et al., 2002a) . Studies have also demonstrated Hispanics are more likely than Whites to rely on passive coping skills (Campbell et al., 2009; Edwards et al., 2005) . Studies have shown Asians report higher laboratory rated intensity for thermal stimuli as compared to whites, but demonstrate no significant difference in anxiety associated with the painful experiences (Edwards et al., 2001; Watson et al., 2005) .
Another factor shown to contribute to differences in pain perception is sex. The available literature supports the notion that men and women perceive and experience pain differently (Berkley, 1997; Fillingim & Maixner, 1995; Riley et al., 1998a) . Women are more likely to suffer from chronic pain conditions (Fillingim et al., 2009 ) and report more areas of bodily pain than men (Edwards et al., 2004; Fillingim et al., 1999) . Women also exhibit greater sensitivity to static (Fillingim et al., 1999; Myers et al., 2001; Riley et al., 1998b) and dynamic (George et al., 2007; Robinson et al., 2004) noxious stimuli when compared with men (for review, see Riley et al., 1998a) . Our laboratory has previously reported that men and women differ in the specific types of pain events previously experienced and the intensity of these events (Stutts et al., 2009 ). Despite our knowledge related to sex differences in pain, critical questions remain regarding the influence of ethnicity and its interaction with sex in the evaluation of painful events. Furthermore, we are unaware of studies examining the interaction of ethnicity and sex with the presence of parental pain models on the evaluation of pain experiences. Simultaneous consideration of sex, ethnicity, and parental pain modeling in analyses allows the determination of whether these factors may interact, a possibility that cannot be investigated when these factors are studied separately. Such interactions could suggest important moderators of the effect of parental pain modeling related to ethno-cultural influences and/or sex.
Therefore, the purpose of the current study was to investigate the relationships of pain models, sex, and ethnicity on the intensity of reported pain scores. On the basis of existing literature, we hypothesized that the presence of a parental pain model would be associated with higher ratings of pain intensity for both imagined and experienced pain and asked as an empirical question whether having a parental pain model of the same sex (i.e., sex-matched) and having a parental pain model of either sex would have differing main and/or interactive effects with ethnicity and sex. We also predicted significantly higher mean pain ratings for African Americans, and asked as an empirical question how the pain ratings of Hispanic and Asian participants would compare to those of White and Black participants.
Methods

Participant recruitment
Undergraduate students at the University of Florida were recruited by flyers posted around the college campus. Participants were healthy and without a history of chronic pain. The current report is a sub-analysis from previously published data related to sex differences in previous pain experience (see Stutts et al., 2009) . Eligibility requirements included being 18 years of age or older and having the capacity to understand and answer the questionnaires and provide informed consent for participation. The University of Florida Institutional Review Board approved the study, and all participants provided informed consent. Participants then completed the electronic questionnaires.
Demographic Questionnaire
Demographic characteristics, including age, years, of education, and ethnicity, were assessed using a brief questionnaire. Participants were asked to choose the ethnic category with which they most strongly identified (White/ Caucasian, Black/African American, Asian/Pacific Islander, Hispanic, or Other Race/Multiple Races). Because only a small minority of participants endorsed Other Race/ Multiple Races (n = 4), this group was not included in subsequent analyses.
Prior Pain Experience Questionnaire (PPEQ)
The PPEQ (Stutts et al., 2009 ) is a 79-item assessment of the perceived pain severity of commonly experienced painful events (e.g., kidney stone, paper cut, broken limb, athletic injury, bruise, broken nose, stomach cramps, etc.). Participants rated events on a scale from 0 (pain free) to 10 (worst possible pain), indicating whether they had previously experienced each painful event. If they had not previously experienced the pain event, they were asked to rate how painful they would imagine it to be using the same scale. The number of pain types experienced by each participant was noted. The PPEQ was derived rationally by University of Florida pain researchers. Although its psychometric properties have yet to be fully characterized, exploratory factor analysis revealed the best model resulted in a single factor, consistent with its theoretical development (Stutts et al., 2009 ).
Family Health History Questionnaire (FHHQ)
Participants completed the FHHQ in order to assess an individual's exposure to familial pain models. Participants reported history of various chronic pain conditions for parents and siblings, including rheumatoid arthritis, persistent and severe menstrual pain, fibromyalgia syndrome, complex regional pain syndrome (CRPS), arthritis or chronic joint pain, chronic back pain, chronic neck pain, chronic leg pain, chronic dental pain or facial pain, chronic headaches, and irritable bowel syndrome using a checklist. Because of the focus of the current analysis on parental pain modeling, sibling health history was not considered in analyses. Chronic fatigue syndrome, anxiety, depression, and other psychological disorders were also assessed in the FHHQ; however, these pathologies were not considered in the current analysis. University of Florida pain researchers rationally derived the FHHQ.
Statistical approach
All statistical analyses were conducted using SPSS Version 20 (IBM Corporation, Armonk, NY, USA). Ten participants with missing data on various items, especially the FHHQ, were not included in analyses. To examine potential differences in demographic variables (age and years of education) between participant groups (i.e., sex and ethnicity), a series of 1-way ANOVAs was conducted. Where Levene's test indicated violation of the assumption of homogeneity of variance, Welch's F-ratio was used, followed by Dunnett's C post hoc comparisons.
To test hypotheses and empirical questions, a series of three-way ANOVAs were conducted. The results of sex (2: male/female) X ethnicity (4: White/Black/Asian/Hispanic) X parental pain model (2: not present/present) ANOVAs for imagined and experienced pain ratings were compared to otherwise identical ANOVAs where the presence of any parental pain model was substituted with the presence of a sex-matched parental pain model. Significant (p \ 0.05) interactions were decomposed using simple main effects analysis. Sidak's correction was used for post hoc tests in order to account for inflated Type I error associated with multiple comparisons. The relationship between imagined and experienced ratings was characterized using Pearson's product-moment correlation coefficient (r). Effect sizes are reported for all hypothesis tests approaching significance (i.e., p \ 0.10; g 2 p , Cohen's d, and Pearson's r, as appropriate). No difference between sexes was detected for proportion of pain events previously experienced (p [ 0.28). Characterization of a significant effect of ethnicity on proportion of pain events experienced (F 3,169 = 15.77; p \ 0.0001) revealed White participants reported having experienced a greater proportion of pain events than any other ethnicity (p's \ 0.003), which did not differ from one another (p [ 0.15). The proportion of pain events reported as previously experienced, as well as mean experienced and imagined pain ratings, by participant group is illustrated in Table 1 .
Results
Participant characteristics and demographics
Relationship between imagined and experienced pain
Analyses revealed a significant correlation between imagined and experienced pain ratings (r = 0.66, p \ 0.0001), indicating substantial shared variance (R 2 = 0.44) between the two measures.
Imagined pain
Three-way ANOVA (sex X ethnicity X sex-matched pain model) on participants' mean imagined pain ratings revealed a significant main effect of sex-matched pain model such that the endorsement of a sex-matched pain model was associated with greater imagined pain ratings ( This analysis is summarized in Table 2 .
A substantially different pattern of results was observed when parental pain models were not sex-matched to the participant. Although similar effects of sex (F 1,157 = 3.28, p = 0.07) and sex X ethnicity (F 3,157 = 2.69, p = 0.05) were noted, no other significant main effects or interactions were present (p's [ 0.43).
Experienced pain
Whether pain models were sex-matched had no effect on the pattern of results for mean experienced pain ratings. In both cases, no effects of sex (p [ 0.64) or presence of a parental pain model were noted (p [ 0.79). Similarly, presence of parental pain models did not interact with sex (p [ 0.15) or ethnicity (p [ 0.21). The 3-way interaction was also not significant (p [ 0.29). However, a significant main effect of ethnicity (F 3,157 = 3.66, p = 0.01; g 2 p = 0.07; Fig. 2 ) was noted such that White participants reported significantly lower experienced pain ratings than Black (p = \ 0.001; Cohen's d = 0.70) and Asian (p = 0.01; Cohen's d = 0.34) participants. Black participants also reported greater experienced pain ratings than Hispanic participants (p = 0.02; Cohen's d = 0.63). No other differences between ethnicities were noted (p's [ 0.11). Simple main effects analysis of a significant ethnicity X sex interaction (F 3,157 = 3.37, p = 0.02; Table 3 .
Discussion
Results revealed the presence of a sex-matched parental pain model was associated with higher ratings of imagined events. These participants may have rated pain intensity for imagined events higher because of their parental models' displays of pain behaviors, disability, and related psychological sequelae (e.g., catastrophizing, fear avoidance behaviors, etc.). Our data indicate that the presence of familial pain models only influenced participants' rated intensity of imagined pain events when the pain model was sex-matched with the participant. The existing literature has focused largely on the influence of maternal pain models (Berkley, 1997) , or to a lesser extent includes pain models of both sexes . However, we are unaware of other investigations of the influence of sexmatched parental pain models on the evaluation of painful events in healthy adult offspring.
While the mechanism underlying this effect cannot be elucidated from the current study, it is possible that sexmatched pain models may have a stronger influence on the evaluation of imagined pain events than non-matched models due to greater identification of offspring with their sex-matched parent. This possibility should be directly investigated in future studies. Interestingly, participant ethnicity appeared to moderate the effect of sex-matched pain models on imagined pain ratings, with White and Asian participants with sex-matched pain models having significantly higher ratings of imagined pain than participants of their same ethnicities without such pain models. No such effect was noted for Black and Hispanic participants. We speculate that cultural differences between ethnicities with regard to child-parent interactions may drive this effect, although replication and dissection of this effect in future studies is needed. We also found that ethnicity moderated the effect of sex on imagined pain ratings. No statistically significant differences were observed between men and women who were Asian or White; however, statistically large differences were noted between men and women who were Black or Hispanic, with women having greater ratings than men. Taken together, these results suggest ethno-cultural influences on the effects of parental pain modeling and sex on the evaluation of imagined pain events, and that these factors should be accounted for in future research regarding pain modeling and sex effects. Ethno-cultural constructs are not exclusively first-order biological constructs. Likewise, sex (i.e., being 'male' or 'female') is also confounded by social constructions (gender). Future research should attempt to disentangle the social, stereotypical, and biological influences of ethnicity, sex, and their interactions on evaluation of pain.
Finally, consistent with existing laboratory and clinical studies (Edwards et al., 1985b; , small-to-moderate ethnic differences in pain ratings for previously experienced events were noted such that White participants reported lower experienced pain ratings than Black participants. Although the current study does not provide evidence regarding a mechanism underlying these effects, ethnic differences may be attributed to (a) social and cultural influences on coping style (i.e., passive versus active); (b) how pain is expressed, remembered, or reported; (c) differences in biological factors underlying pain processing and modulation (Rahim-Williams et al., 2012; Riley et al., 2002b) . Although a main effect of sex was not noted, decomposition of a sex by ethnicity interaction for experienced pain revealed a pattern of non-significant sex differences among ethnicities (likely due to insufficient power for follow-up pairwise comparisons), with White and Asian women reporting lower experienced pain than their male counterparts. The opposite pattern was noted for Black and Hispanic participants.
Limitations
While indicative of a potentially important influence of same-sex parental pain models on the evaluation of imagined pain events, the results of this study should be interpreted with caution. This study was conducted on healthy, young adults; therefore, the findings may not extend to older populations and patient groups with co-morbidities. Both the PPEQ and FHHQ rely on the reporting of past events and thus may be subject to recall bias. In addition, the exploratory nature of the study implies an elevated risk for producing potentially spurious results, highlighting the need for replication and extension in future studies. Similarly, the cross-sectional and correlational nature of the study prevents firm conclusions regarding the causality or directionality of the relationship between the endorsement of same-sex parental pain models and imagined pain. It is Fig. 2 A main effect of ethnicity on experienced pain intensity scores, with Black participants reporting greater pain intensity than White and Hispanic participants. In addition, Asian participants reported greater pain intensity than White participants. Error bars represent standard deviation. *p \ 0.05; **p \ 0.001 possible, for instance, that individuals with higher imagined pain ratings were more likely to remember parental pain models. The relatively lower number of the non-White ethnicities included may also be viewed as a limitation. However, a pattern of significant effects of ethnicity, sex, pain modeling, and their interactions were detected, suggesting the sample was sufficient to justify further investigation. Effect sizes for all effects approaching significance (i.e., p \ 0.10) are reported for purposes of planning future studies where minority individuals may be oversampled. Similarly, while these data suggest that ethnicity may modulate accepted sex differences in pain experience is potentially interesting (with women experiencing greater pain than men being the common consensus), these findings should not be over-interpreted due to the lack of statistical reliability. Future studies should seek to replicate these results using a larger sample. Finally, the psychometric properties of the PPEQ have yet to be fully explored and should be characterized in future studies. A number of significant findings consistent with both theory and previous empirical literature do show promising validity information for the measures.
Conclusions
Analyses revealed two distinct patterns of effects of sex, ethnicity, and parental pain modeling on the evaluation of experienced and imagined pain events. Findings suggesting a greater influence of sex-matched pain models on the subsequent pain behaviors of offspring have important implications for social learning influences on pain. The lack of an influence of sex-matched parental pain modeling on ratings of experienced pain events is the current analysis is intriguing. We speculate that this differential effect may reflect a particular effect of sex-matched parental modeling on pain-related expectations (as reflected by imagined pain ratings), as opposed to the recall of a pain event that an individual has experienced for her/himself.
It is possible that expectations of more intense pain from previously unexperienced events may contribute to fear and avoidance behaviors, resulting in poor adherence to physical therapy and painful interventional therapies, poorer recovery from injury, and a potentially greater likelihood of developing chronic pain (Campbell et al., 2005; Edwards et al., 2005; Rahim-Williams et al., 2012; Riley et al., 2002b) . This possibility should be explicitly examined. Characterization of the predictive ability of imagined pain ratings for determining future experiences of pain (both clinical and experimental) is warranted, especially given their substantial correlation. Finally, future studies of sex-matched parental pain models and their interaction with ethnicity and sex should directly investigate their effects on pain expectations, pain behaviors, treatment acceptance, and outcomes.
